Abstract. We predict intrinsic half-metallicity in armchair boron nitride nanoribbons (ABNNRs) via edge fluorination. The stability, electronic and magnetic properties of bare and edge fluorinated ABNNRs have been systematically analyzed by means of first-principles calculations within the local spin-density approximation (LSDA). The ribbons whose only edge-B atoms passivated with F atoms (i.e., edge-N atoms are unpassivated), regardless of width, are found half-metallic with a half-metal gap of 0.3 eV. A 100 % spin polarized charge transport across the Fermi level is expected for such ribbons as the spin polarized states are ∼0.4 eV more stable than the spin un-polarized states and only single-spin conducting channels are present across the Fermi level owing to the gigantic spin splitting. The existence of half-metallicity is attributed to the localization of electronic charge at bare edge-N atoms as revealed from the analysis of Bloch states and projected density of states (PDOS).The sufficiently large half-metal gap (0.3 eV) with huge difference in the energies (∼ 0.4 eV) of spin polarized and spin compensated states projects these half-metallic ABNNRs as potential candidate for spintronics applications. ‡ Corresponding Author: phd12115109@iiti.ac.in arXiv:1501.01473v3 [cond-mat.mes-hall] 9 Jan 2015
Introduction
The discovery of single atom thick sheet of hexagonal boron nitride (h-BN) has invigorated theoretical as well as experimental research activities associated with h-BN nanomaterials. [1] [2] [3] [4] This quasi-two-dimensional (2D) h-BN sheet has large energy band gap (∼5eV) which ensures its stability at elevated temperatures and thus makes it a promising candidate for high temperature semiconductor devices. Quasi-1-D thin strips carved out of h-BN sheet also exhibit excellent structural stability and distinct electronic properties as compared to parent h-BN sheet due to the quantum confinement effects. [4] These strips are formally known as boron nitride nanoribbons (BNNRs). Chen. et al. [5] have already synthesized hollow BNNRs through evaporation using BNOFe as precursor and ZnS nanoribbons as templates. Similar to their organic counterparts -Graphene Nanoribbons (GNRs), BNNRs can also be fabricated from a single h-BN layer via lithographic patterning. [6] According to the definite shape of edges BNNRs are mainly of two type i.e. zigzag boron nitride nanoribbons (ZBNNRs) and armchair boron nitride nanoribbons (ABNNRs). BNNRs exhibit fascinating and outstanding electronic properties similar to that of GNRs, [7, 8] which are very important for the application in advanced devices. The electronic band gap (E g ) of ABNNRs passivated by H, oscillates periodically as a function of their width [9] whereas the band gap of ZBNNRs decreases monotonically when both the edges are H-passivated. [10, 11] Owing to high efficiency and low power consumption, spintronic devices are attracting considerable attention nowadays. Being the key property for spin transport based electronics, Half-metallicity, has been vastly predicted and studied in different nanostructures [12] [13] [14] along with many other compounds like alloys (including ternary and quaternary Heusler alloys), [15] [16] [17] double layer perovskites, [18, 19] transition metal pnictides, and chalcogenides in zinc blende phase. [20] [21] [22] Recently, the existence of a large spin polarization of (93 +8 −11 ) % has been directly evidenced at room temperature in an epitaxial thin film of Co 2 MnSi. [23] First principle calculations have shown that half-metallicity may be realized also in BNNRs either by chemically functionalizing zigzag edges with different groups such as H and F or with the application of an external in-plane electric eld. [24] [25] [26] In previous study on ZBNNRs [10] , it is predicted that one-edge (only B-edge) H-passivation makes the ribbons 'semi-metallic' unlike the 'half-metallic' as predicted by Zheng et al. [24] , but for spin polarized transport, both of these results are consistent with each other. Moreover, half-metallicity has also been perceived theoretically in ZBNNRs via percentage hydrogenation, [27] hybridization (through carbon in BC 2 N nanoribbons), [28] and also through structural modifications (e.g., by making stirrup, boat, twistboat etc.). [29] Conversely, in case of ABNNRs, half-metallicity has been predicted in hybrid armchair BCN-nanoribbons. [30] However, ABNNRs are almost unexplored towards the existence of spin polarization/half-metallicity. Therefore, in the present article, we have investigated the possibility of half-metallicity or spin polarization in ABNNRs via edge fluorination. Here, we predict manifestation of intrinsic halfmetallicity in ABNNRs when only edge-B atoms are passivated with F atoms. In addition, this article presents detailed and systematic analysis of structural stability, electronic and magnetic properties for bare and edge fluorinated ABNNRs with different widths. Present analysis shows that edge fluorination transforms bare ABNNRs into ferromagnetic/antiferromagnetic half-metals as energetically most favorable structures unlike hydrogenated nonmagnetic semiconductor as predicted by Ding et al. [31] 
Computational details
The first-principles calculations were performed with Atomistix Tool Kit-Virtual NanoLab (ATK-VNL) [32] under the framework of density functional theory (DFT). The exchange correlation energy was approximated by local spin density approximation (LSDA) as proposed by Perdew and Zunger. [33] The reason for selecting LDA is that the generalized gradient approximation underestimates the surfaceimpurity interactions. [34] The ABNNRs were modeled with periodic boundary conditions along z-axis, whereas the other two dimensions were confined. The energy cutoff value of 100 Rydberg was selected for the expansion of plane waves. We implemented double ζ plus polarized basis set for all the calculations. The k-point sampling was selected to 1×1×100. In order to avoid artificial inter-ribbon interactions, ribbons were separated using a cell padding vacuum region of 10Å. All the atoms were relaxed and, optimization of the atomic structures including atomic positions has been carried out until the forces on each individual atom were reduced to less than a 0.05 eV/. We represent the ribbon-width by a width parameter N a , defined as the number of B/N atoms along the ribbon width as depicted in Figure 1 , therefore, ABNNR with n B/N atoms is named as n-ABNNR.
Results and Discussion
In the present study, we have considered three different ABNNR structures (i) no passivation (bare ABNNR), (ii) both the edges fully passivated with F atoms (ABNNR F BN ) and (iii) both the edges partially/half passivated with F atoms. Furthermore, the ABNNRs belonging to third category are divided into two subgroups i.e., ABNNR F B and ABNNR F N depending upon whether only B or only N edge atoms are passivated by F atoms respectively. All these categories are depicted schematically in Figure 1 . In order to take size effects into consideration, we investigate ABNNRs having widths N a = 6 to 10. Since the findings are qualitatively similar, we displayed the figures only for ABNNRs with N a = 9. Figure 1 schematically represents optimized geometry of ABNNR in all four considered ribbon configurations with N a = 9 as representative case. The convention of super cell, we used for simulation is depicted by solid rectangles. First of all, in order to examine the relative stability of considered ribbon configurations, cohesive energy (E c ) has been calculated by using the following formula: Table 1 . It is clear from Table 1 that bare ribbons are energetically most favorable. Further, the wider ribbons are relatively more stable. Since electronic and magnetic properties of the BNNRs depend critically on the type of edge passivation (partial/full), the knowledge of stability as a function of edge fluorination is of worth importance. The perusal of Table 1 indicates that irrespective of their width ABNNR F B structures are energetically most stable out of all three edge fluorinated configurations as the minimum difference in E c is 330 meV for 10-ABNNR F B and 10-ABNNR F N . This difference is large enough for any room temperature functioning. Present stability analysis predicts that amongst fluorinated ABNNRs, the probability of experimental realization is highest for ABNNR F B structures. Being energetically the most stable ribbon structures, the results for all ABNNR F B structures are addressed with greater detail in the next section. The calculated electronic band structure and density of states (DOS) for 9-ABNNR F B are illustrated in Figures 2 (a) the origin of half-metallicity in ABNNR F B structures, we analyzed how the passivation of edge atoms affects the band structure and DOS. The passivation of edge N atoms with F mainly shifts α band/state away from the Fermi level while the change in the position of β band/state depend also upon passivation of edge-B atoms (Figure 1 and  2) . Projected DOS (PDOS) analysis reveals that both of these bands are predominantly composed of 2p orbitals of un-passivated edge N atoms. Moreover, we have estimated the bare on site Coulomb repulsion [25, 36] as a difference between the first order ionization energy and electron affinity [25, 37] 
3 ) whereas a single F atom seven valence electrons -2s 2 2p 5 . Thus there are total 86 valence electrons in the system. Each band is doubly degenerate (considering spin) and hence there will be 43 valence bands in all. Therefore, the band index, which we used in calculations, for valence band maximum (VBM) is 42 (α band/state) and 43 (β band/state) for conduction band minimum (CBM) as indexing starts from zero. The presented Bloch states calculations are performed for k-points value of (0.0, 0.0, 0.5). The contour and isosurface, shown in Figure 4 (a) and (b) respectively, are more or less identical (charge localization) for α and β bands as both of these bands are correspond to the same spin states (downspin) across the Fermi level. It can be clearly seen from contour and isosurface that the unpaired electrons are mainly localized at the bare edge-N atoms. The interchanged colors of Bloch states for α and β states, at bottom ribbon edge, indicate separation of these states via Fermi level. Conversely, colors, at the top ribbon edge, are same for α and β states which probably point towards the encroachment of α state into CB. A little charge localization is also appearing around F and near edge N atoms but it has no contribution across the Fermi level as confirmed via PDOS analysis. In addition, the distance between any two adjacent edge N atoms (∼2.4 A) is large enough to ensure that no edge reconstruction has taken place, and there is consequently only one dangling bond per edge-N atom is present. This analysis implies that the half-metallic spin polarization in ABNNR F B structures is entirely attributed to the localization of unpaired electron at bare edge-N atoms.
We also assess the effect of different kinds of edge F-passivation on magnetic properties of bare ABNNRs. The magnetic moment M (µ B ) and energy difference ∆E (eV) between spin polarized (E LSDA ) and spin compensated states (E LDA ) for the most stable edge fluorinated ribbon configuration (ABNNR F B ) are presented in Table 2 . A noteworthy net magnetic moment of about 2.03 µ B is witnessed for all ABNNR F B structures on the contrary, ABNNR F BN do not possess any magnetism. In addition, a net magnetic moment of about 2.02 µ B is also perceived in ABNNR F N . It is worth noticing here that the latter magnetic moment probably have little practical significance as it is observed in ABNNR Table 2 that the spin polarized state is ∼ 0.4 eV (∆E = |E LSDA −E LDA |) more stable with respect to the spin un-polarized state (E LDA ). This ∆E is remarkably large in comparison to the values (0.17 eV, 48 meV and 3.5 meV) reported [24, 27, 29] for ZBNNRs, which qualifies present ABNNR F B structures as better candidates for spintronics applications. Moreover, the coupling between electrons of inter-edge bare N atoms may be either ferromagnetic or antiferromagnetic, as the observed energies are very close to each other. In sum, we reveal that the electronic and magnetic properties of ABNNRs critically depend on the type of edge fluorination, as summarized in Table  3 .
Conclusions
Conclusively, the effect of edge fluorination on the electronic and magnetic properties of ABNNRs has been investigated systematically using ab-initio calculations. ABNNR F B are found half metallic and energetically most favorable, with a half metal gap of 0.3 eV. The spin polarized states are more stable by ∼0.4 eV as compared to spin compensated states (E LDA ) which projects these half-metallic ribbons as promising building blocks for spin based electronic devices. Passivation of only edge-B (N) atoms with F atoms i.e. ABNNR F B (ABNNR F N ) transforms insulating bare ABNNRs into half-metal (wide band gap semiconductor) and also causes the splitting of spin states which gives rise to a substantial net magnetic moment of about 2.03 (2.02) µ B . Conversely, both-edge Table 3 . The overall magnetic and electronic behavior for all considered bare and fluorinated ABBNRs (N a =6 to 10).
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